, N 1952 the Federal Communications Commission adopted a dual allocation structure for broadcast television that utilized both VHF frequencies (channels 2-13) and UHF frequencies (channels 14-83)., handicap cannot be directly addressed through technical improvements, but programming should be recognized as a contributor to the overall handicap nonetheless. In this paper we will be discussing only the picture quality handicap. Furthermore, we will explore only one type of picture quality handicap-the "snow" that is produced by an insufficient signal-to-noise ratio at the television receiver picture tube. Available evidence suggests that this is the dominant difference between UHF and VHF signals [ 13. We will utilize a model that indicates the level of this signal strength handicap for several sets of assumptions, and determine the effects of improvements to the UHF service.
The disparate properties of these two bands have produced what has become known as the "UHF handicap"-UHF television signals are more difficult to receive than VHF signals and therefore are not as significantly viewed.
The FCC and the broadcasting industry have been attempting to overcome the disadvantages of UHF television in order to improve service to the public from existing stations, and to encourage the operation of additional stations, which must come primarily from the UHF band. As of late 1979, there were 640 UHF channels vacant and available, but only 84 vacant VHF channels. Many of these vacancies are in isolated areas or are reserved for noncommercial use, but hundreds of additional television stations are nonetheless possible in the UHF band i f it was cost-effective for these stations to begin operation. There are at least three possible types of handicaps that contribute to the disadvantage faced by UHF. First, there is the picture quality handicap. If ghosts, snow, synchroniza-.tion, or other aspects of the television picture affect UHF more than VHF, there is a picture quality handicap. Second, there is a channel selector handicap. If VHF channels are easier to tune than UHF channels and if this results in a disinclination to view UHF, a handicap exists. Finally, there is a programming handicap. Since the appeal of particular programming may be the dominant reason someone will view one channel over another, UHF suffers to the extent that the programming offered on UHF channels is less attractive than that available on VHF channels. This last handicap cannot be directly addressed through technical improvements, but programming should be recognized as a contributor to the overall handicap nonetheless. In this paper we will be discussing only the picture quality handicap. Furthermore, we will explore only one type of picture quality handicap-the "snow" that is produced by an insufficient signal-to-noise ratio at the television receiver picture tube. Available evidence suggests that this is the dominant difference between UHF and VHF signals [ 13. We will utilize a model that indicates the level of this signal strength handicap for several sets of assumptions, and determine the effects of improvements to the UHF service.
COMPONENTS TO THE UHF PROBLEM
It may be helpful to review the fundamental reasons why UHF frequencies are more difiicult to receive than VHF [2] , [3] , [24] . Presumably, lowering the cost of high power. UHF operation will make increased ERP cost-effective for more UHF broadcasters.
Another candidate for improvement is to reduce the maximum allowed UHF noise figure of television receivers. The FCC has already taken action in this area by lowering the previous 18 dB maximum limit to 14 dB, and UHF reception can be expected to gradually improve as these new receivers enter the marketplace.'
The remaining area where improvement is available is in the receiving antenna system [25] . This is perhaps the most critical component in the television reception chain, but also the most difficult to implement on a wide scale. It depends on the purchase and proper installation of the most appropriate receiving equipment, which in turn depends on the choices made by consumers.
What additional actions will be taken, and to what extent, is the subject of a current FCC proceeding dealing with improving UHF television [6] . The present paper will explore and estimate the approximate effects of improvements that might be made. This will involve estimating the area, and particularly the population that can be served by U,HF and VHF facilities, and determining the effects of improvements to the UHF service.
THE AREA-POPULATION TRADEOFFS MODEL
In order to make comparisons of UHF and VHF coverage, we will employ a rather simple but useful computer tool known as area-population tradeoffs (APT), first reported in [20] .* APT employs assumptions about the transmitting system, the receiving system, and the propagation path in order to provide estimates of the effective area receiving service. It also uses a simple population model for estimating the population covered. Because APT operates on the general rather than the specific case, it is useful in determining trends rather than specific results. 'It allows the user to ask a variety of "what if . . . " questions. The components to APT, and the numerical values that will be used as inputs to.them, are described below.
Propagation model
Built into the APT computer program is the Longley-Rice propagation model for area predictions [9] . This model is particularly suited for the purpose at hand because of the way it recognizes the probabilistic nature of radio propagation. The Longley-Rice model can generate a prediction of the probability of reception at any given distance from the transmitter, whereas with the model generally used by the FCC [IO] , this particular calculation is more cumbersome.
There is a significant difference, however, between the predictions obtained by the FCC and the Longley-Rice models for UHF frequencies. The Longley-Rice model predicts fields up to 1 3 dB higher than the FCC model in the area of interest, as shown in Fig. 1 Our calculations will be based on a terrain roughness factor of 100 m, as computed for the Longley-Rice model. Because of differences in the way it is defined, this corresponds to a terrain roughness of 64 m as computed by the FCC and CClR procedure [ 121, and is representative of hilly terrain slightly rougher than average.
Transmission system parameters
The TV transmitting characteristics described in Table 1 will be used in our calculations, and are based on the average values for licensed stations, except that the VHF effective radiated power is the maximum allowed in the FCC rules, since the vast majority of VHF stations operate at this level. The average UHF ERP of 1250 k W is 6 dB below the 5 MW maximum allowed by the FCC.
In the most populated regions in the east (which the FCC rules define as Zone l ) , VHF stations with transmitting.
antennas greater than 1000 ft must attenuate power in order to limit interference into neighboring markets. About 2 0 percent of the VHF stations are located in Zone 1. These stations would serve slightly smaller areas and populations than will be estimated in what follows.
Receiving system parameters Any estimates of television coverage must make several assumptions, both about the receiving equipment which is in use and the nature of the receiving environment. The FCC has.previously made approximations for rural and urban TV coverage, and defines Grade A and Grade B contours as guides to station coverage. The Grade A contour indicates a field strength 30 ft above ground that is sufficient to provide acceptable quality to a receiving installation considered typical of suburban areas [7] , [B] . This signal is predicted to be provided to the best 70 percent of the receiving locations 90 percent of the time. The Grade B contour indicates a field strength 30 ft above ground that is sufficient to provide acceptable quality to a receiving' installation considered typical of outlying areas. This signal is predicted to be provided to the best 50 percent of the receiving locations 90 percent of the time. The FCC also defines a City Grade contour, which is simply a 6 dB higher signal strength than that specified for the Grade A contour.
While these contours are useful, they do not necessarily indicate where reception is adequate or inadequate. They are probabilistic, and assume that a certain quality of receiving equipment is in use. The FCC's official contours are chiefly administrative rather than comparative tools. A more accurate comparison of VHF and UHF television can be realized by modifying some of the traditional television planning factors.
In rural areas where outdoor antennas would typically be used and no urban noise is present, the 48 current values that define the Grade B contour appear appropriate for VHF, but modification appears to be in order for UHF. With our estimates of present-day receiving equipment, detailed in the Appendix, a signal 7 dB stronger than that originally assumed is required for adequate UHF reception. Thus, a "modified Grade B contour" is used in the remainder of this discussion to illustrate station coverage in outlying areas. , T o illustrate coverage in urban areas where indoor antennas are widely used, it was felt that a contour depicting indoor receiving antennas would best approximate reception. An "indoor antenna contour" has been derived in the Appendix using some of the original values for the Grade A contour, but with appropriate modifications for a prediction of service using indoor receiving antennas. The modified Grade B and the indoor antenna signal strength contours are derived in order to compare UHF and VHF reception as accurately as possible in close-in areas and outlying areas. The field strengths that define the modified contours and the official FCC contours are shown in Table 11 . MAY 
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AREA COVERAGE OF TELEVISION SIGNALS
Given the assumptions and models above, we canmake television coverage estimates. Fig. 2 shows how the percentage of locations receiving an adequate signal decreases as the distance from the transmitter increases. This is for the modified Grade B contour (outdoor receiving antenna in rural areas). This figure indicates the handicap faced by UHF, and also shows the advantage held by low VHF over high VHF in servicing outlying areas. The Grade B service contour specified by the FCC is for service to the best 50 percent of receiving locations. Thus, from Fig. 2 mi step integration procedure: the area in each 5-mi circular ring around the broadcast transmitter is multiplied by the percent area covered for that ring. All such rings are summed and the cumulative total gives the effective area served. Fig. 4 shows the results for outlying reception (outdoor antennas and no urban noise 
.where PD(d) is the population density at a distanced from the city center, PD,,, is the population density at the city center (which in this case is also assumed to be the transmitter site), and b is a constant that determines how rapidly population density falls off with distance. This model is designed to estimate urban and suburban, but not outlying population densities since the value for PD eventually goes to zero. Our technique employs a modification of this population density formula to ensure that a minimum density is maintained:
where PDmi, is the population density of outlying areas.
This formula can be applied to the previous procedure to estimate the population served by UHF and VHF stations. For each 5 mi ring, the effective area previously calculated is multiplied by the population density in that ring. Results from each 5 mi increment are summed to determine the overall population served.
TO illustrate the population coverage model, PD,,, will be set to 10 000 people/sq mi, PD , , , in will be set to 55 people/sq mi, and b will be set to 0. In order to determine the sensitivity of the data' to other population distributions, additional hypothetical results were obtained for a larger city with densely populated outlying areas, and a smaller city with sparsely populated outlying areas. The larger city parameters are based on estimates for Boston (PD,,X = 20 000, PD,;, = 120, b 7 0.2, total population about 4.5 million). The smaller city parameters are based on estimates for Phoenix (PD,,, = 10 000, PDmin = 6, b = 0.3, total population about 450 000). Results for these cities are also shown in Table Ill . With an area coverage of 44 percent of the average VHF coverage, the UHF station in the larger city has a population coverage of 75 percent, and the UHF station in the smaller city has ,a population coverage of 89 percent.
The magnitude of the UHF handicap appears to be very large when the area of coverage is compared to VHF, and much smaller when population coverage is used as the reference. Further, a smaller handicap is predicted when the particular television market is small in area or when the outlying areas of the market have low population.
The area receiving service with indoor antennas is shown in Population estimates were made for the indoor assumptions, and improvements to the UHF service were hypothesized. Results are shown in Table 1V for a maximum range of 30 mi. For the three cities, UHF population coverage is estimated to be 86 percent of VHF coverage or larger. A 6 dB improvement to the service is estimated to provide coverage to at least 96 percent of the population receiving VHF indoor service.
"REAL WORLD" ESTIMATES
The above estimates, while useful, do not in fact correspond to television reception in the real world. In one case, they assume that everyone has a n indoor UHF and VHF antenna, i.e., no one uses outdoor antennas. This assumption is clearly suspect. In the other case, they assume that everyone who needs an outdoor antenna uses a n outdoor antenna of a quality necessary for adequate reception, up to a certain maximum quality. Information from the TASO Report [23] is consistent with this latter assumption:
[AIS one goes farther and farther from a transmitter, one finds the quality of the receiver installations, and particularly the quality of the receiving antennas, improves so that the decrease in signal strength is to a considerable extent compensated . . . The effect produced is that, over a considerable range of distances from a television transmitter, picture quality, as observed in the home, remains at approximately the 
CONCLUSION
The preceding results should not be interpreted a s precise. because specific station operations vary considerably from the average parameters assumed for frequency, effective radiated power, antenna height, and surrounding terrain. The methodology employed inherently deals with the general case and does not necessarily define operation in a particular market. It is believed, however, that the general trends have been accurately shown. Fig. 6 indicates the difference in UHF reception in slightly rolling plains, hills, and mountains, and shows that UHF reception suffers significantly in areas of rough terrain.
Estimates of the UHF handicap would be much greater when mountainous terrain is assumed, and somewhat less when nearly flat terrain is assumed. Each television market is unique and will vary from the population distribution patterns assumed.
With several qualifications, however, we have shown that [21] ; VHF urban noise is reported as several decibels higher than our values by [22] . The values used were based on what appeared to be most appropriate under the particular comparative circumstances, with due regard for the uncertainties regarding present knowledge of a subject as complex as the receiving environment.
